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Abstract

To assess the influence of surface conditioners, i.e. hydrofluoric acid (HFA), Er: YAG laser, and Radachlorin-activated
low-level laser therapy (LLLT), on the contact angle (CA), surface topography, and shear bond strength (SBS) of
lithium disilicate ceramics (LDC) and resin-based ceramics (RBC). RBC Lava Ultimate (Group A) and IPS Emax
(Group B) were used to obtain forty-five discs in each case. Each group was further divided into subgroups based on the
conditioning protocol used. Group 1: HFA, Group 2: Er: YAG laser, and Group 3: LLLT (RD). CA (n = 2) and surface
topography analysis (n = 3) were performed using a goniometer and scanning electron microscope. Resin cement was
built on ten discs from each group, followed by the evaluation of the SBS by means of a universal testing apparatus.
A one-way ANOVA and Tukey test were utilized to conduct a comparative analysis of CA and bond strength values.
The lowest CA was exhibited by Group 1A (HFA + LDC) with the highest bond strength. Whereas Group 3B (RD-
LLLT+RBC) presented the highest CA and lowest SBS. The Er: YAG laser can be considered as a suitable alternative
to HFA for enhancing the contact angle and bond integrity of adhesive cement. LDC and RBC exhibited comparable

contact angle and bond strength outcomes, except in the hydrofluoric acid group.

Keywords: Hydrofluoric acid, low-level laser, Radachlorin, bond strength, laser.

I. Introduction

In contemporary dentistry, the utilization of ceramic
CAD/CAM blocks has seen a marked increase, driven
by escalating aesthetic expectations 1. The importance of
material selection has intensified with the growing variety
of CAD/CAM ceramic materials 2. Lithium disilicate
ceramics (LDC) are glass ceramics that are characterized
by their composite-like nature, wherein the ceramic
component functions asareinforcing filler while the glassy
phase serves as the foundational matrix3. Despite the
enhancement of aesthetic attributes because of the glassy
phase of glass ceramics, it concurrently imparts brittleness
to the structure and has a propensity to abrade opposing
dentition 4>.

In an endeavor to alleviate the limitations inherent
to glass ceramics, the emergence of resin-impregnated
ceramics has gained significant attention. Resin-based
ceramics (RBC), which are categorized as particle-
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reinforced composites, consist of a polymeric matrix
that integrates a minimum of 80 % nanoscale ceramic
filler particles . RBC offers numerous advantages over
both glass ceramics and conventional ceramics, such
as improved replication of dentin‘s elastic properties,
superior polishability, the ability for intraoral repair, and
the elimination of the need for firing 7. Nonetheless, it
remains undetermined which type of ceramic demon-
strates superior performance in achieving optimal
mechanical properties 8.

It is well acknowledged that surface pretreatment of
ceramic restorations before cementation greatly improves
the mechanical outcomes? Hydrofluoric acid (HFA)
notably improves the surface morphology of LDC and
RBC. The HFA etchant operates by dissolving the glass
phase of the ceramic matrix, thereby revealing the under-
lying crystalline structure 10. However, HFA possesses
the potential to inflict severe damage to soft tissues due to
its highly corrosive nature. Therefore, it is imperative to
explore superior alternatives 11,12,
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Lasers of different types have been used in dentistry for
surface preconditioning of different ceramics. Erbium-
doped yttrium aluminum garnet (Er: YAG) lasers are
regarded as one of the most advanced categories of lasers
because their wavelength matches the absorption peak of
water 13. Turker and coworkers estimated the SBS of RBC
with resin cementafter pretreatment withan Er: YAG laser
and observed that it presented comparable bond strength
outcomes to that of HFA 14, Furthermore, Almutairi and
associates revealed that Er: YAG laser treatment exhibited
analogous outcomes for SBS to HFA in LDC 15, However,
there is still no comparative study available which has
identified the influence of Er: YAG lasers on the contact
angle (CA) and SBS of resin cement bonded to LDC and
RBC.

In addition to traditional laser applications, low-level
laser therapy (LLLT) in conjunction with photosensitizers
(PS) has garnered considerable scholarly interest within
the domain of dentistry. Among the diverse array of PS,
Radachlorin (RD) is recognized as a second-generation
photoactive dye which exhibits a pronounced absorption
peak at 662 nm wavelength, thereby facilitating improved
light permeation within the treated tissue when juxtaposed
with first-generation PS 16:17. However, the efficacy of
RD-mediated LLLT as a ceramic surface conditioner with
regard to CA and SBS with resin cement has yet to be eluci-
dated.

The current inquiry was founded on the assumption that
there will not be a notable difference in the CA and SBS of
RD-LLLT- and Er: YAG-laser-pretreated LDC and RBC
discs in comparison to the HFA. Additionally, it was also
expected that there would be no major disparity in the
CA and bond integrity of adhesive cement to LDC and
RBC across the same conditioning groups. The present
study seeks to assess the influence of various surface condi-
tioners on the CA and adhesive strength of LDC and RBC
to resin cement.

II. Material and Methods

(1) Sample preparation

CAD/CAM restorative blocks, 1.e. RBC Lava Ultimate
(3 M ESPE, St. Paul, MN, USA), referred to as (Group A),
and IPS e.max (Ivoclar Vivadent, Schaan, Liechtenstein),
referred to as (Group B), were used to obtain forty-five
discs from each group, each measuring 4 mm in diameter
and 2 mm in thickness (n = 45). The sample size was calcu-
lated using G Power software ¢ 18. The sectioning of the
block into discs was performed with the help of a slow-
speed saw (Isomet 1000, Bursa, Turkey). Subsequently, the
specimens were embedded in an auto-curing acrylic resin
(Major. Base 20, Moncalieri, Italy). The discs underwent
polishing using silicon carbide paper with grits of 600, 800,
and 1000, respectively. Each group was further divided
into three subgroups based on the conditioning protocol
used (n=15) 6,18

Group 1: HFA 10 % HFA (Angelus, Londrina, Brazil)
was used for conditioning samples for 1 min, followed by
rinsing 19,

Group 2: Er: YAG laser: Er: YAG laser (Fotona, At
Fidelis, Ljubljana, Slovenia) was used in a short-pulse
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mode, characterized by 2 940 nm wavelength, 2 W power,
200 MJ pulse energy, and 10 Hz frequency. The laser was
applied in a sweeping motion at 8 mm from the LDC and
RBC discs for 60 seconds. A contra-angle handpiece, with
an air flow of 40 % and a water flow of 60 % was used for
the irradiation 20.

Group 3: LLLT (RD): An RD solution was prepared by
dissolving 0.35 % RD (Rada-Pharma Co, Ltd., Moscow,
Russia) in saline. [t was smeared on the discs and irradiated
with a diode laser (Woodpecker LX16 Plus Dental Laser)
operating at a wavelength of 662 nm utilizing a fiber optic
tip. The parameters include a power output of 3 W and an
energy density of 28 J/cm? in a continuous mode for 60
seconds 16,

All samples underwent ultrasonic cleaning (Pro-Sonic
600; Sultan Healthcare, USA) for 5 mins to remove
contaminants and were then air-dried.

(2) CA assessment

The CA was measured on two discs from each group
using the sessile drop technique with a goniometer (Ramé-
Hart 100-00; Ramé-Hart Instrument Co) connected to
a computer with specialized software (DSA3, V1.0.3 -08,
Kruss). At ambient temperature (24 °C), a single drop
(11 ul) of distilled water was placed at the center of ceramic
substrates using a needle. The CA was measured after a
period of 5 seconds 21.

(3) Surface topography analysis

Three specimens from every category were coated
with a layer of gold using a sputter coating device
(Emitech/Quorum K500X, England) and examined under
a scanning electron microscope (SEM) (JSM 610LA;
JEOL Ltd) atan accelerating voltage of 30 kV and a magni-
fication of 2000X 6,22,

(4) Resin cement buildup (n=10)

Self-adhesive dual-curing resin cement (Maxcem Elite
Kerr Corp., USA) was built on ten ceramic surfaces
using cylindrical polyethylene pipes measuring 4 mm in
diameter and 3 mm in height. The cement was then photo-
polymerized using LED light (Elca Technologies, Imola,
Italy) for 40 secs. The polyethylene tube was cutaway with
a scalpel. Afterwards, all the bonded samples were stored
in distilled water at 37 °C for 24 hours.

(5) Artificial ageing

Samples were subjected to thermocycling (Schabach,
Germany) by immersing in water baths maintained at a
temperature ranging from 5-55 °C, with an immersion
time of 30 seconds and a transfer time of 2 secs. A total of
10000 cycles was completed 2324,

(6) SBS testing

A universal testing machine (UTM) (TSTM 02500; Elista
Ltd. Sd, Istanbul, Turkey) was employed to conduct the
SBS testing. The axial force was applied at the interface
of resin and ceramic utilizing a uni-beveled chisel rod
at a rate of 0.5 mm/min until the point of fracture. The
bond strength was expressed in megapascals (MPa), which
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was estimated by dividing the failure force, expressed in
Newtons, by the surface area (mm?), in line with the subse-
quent formula:

SBS = Force (N)/Area (mm?).

(7) Fracture pattern analysis

Specimens were evaluated under a stereomicroscope
(Leica MZ6) at a magnification of 40X to ascertain the

fracture type, which is categorized as adhesive, cohesive,
and admixed 25.

(8) Statistical analysis

The data were analyzed utilizing the IBM SPSS V23
software programs. One-way ANOVA and post hoc
Tukey tests were employed to compare CA and bond
strength values. P <0.05. Data normality was assessed
using the Kolmogorov-Smirnov test

II1. Results

(1) SEM assessment

SEM micrograph Fig. 1A) LDC subjected to Er Yag laser
treatment reveals a loss of matrix with clearly visible glass
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particles. Fig. 1B) RBC exposed to Er: YAG laser displays
particle fusion and resin melting, enhancing Ra. SEM
image Fig. 1C illustrates LDC treated with RD-LLLT,
showing no inter-glass matrix loss, and glass particles
are not prominent. D) RBC treated with RD-LLLT
exhibits no matrix loss, with a visible particle-reinforced
composite.

(2) Contact angle assessment

The mean CA among the different tested groups is
presented in Tablel. The lowest CA was identified
in GrouplA (HFA + LDC) (8.77 £ 0.28). Whereas
Group3B (LLLT (RD) + RBC) presented the highest
CA (38.39 £ 0.36). Comparison among different investi-
gated groupsrevealed that Group 1A, Group 2A (Er: YAG
laser + LDC) (8.99 * 0.26), and Group 2B (Er: YAG
laser + RBC) (9.12 £ 0.30) demonstrated comparable CA.
(p > 0.05). Similarly, Group3A (LLLT (RD) + LDC)
(37.21 £ 0.32) and Group 3B also revealed no signif-
icant difference in their CA. (p >0.05). On the contrary,
Group 1B (HFA + RBC) (20.43 + 0.10) displayed signif-
icantly different CA values than all other tested groups.
(p <0.05)

'SED 20.0KV

Fig. 1: SEM micrograph A) LDC treated with Er Yag laser demonstrates loss of matrix with prominent visible glass particles. B) RBC treated
with Er: YAG laser shows fusion of particles with melting of resin, improving Ra. SEM image C) Shows LDC treated with RD-LLLT, no
loss of inter-glass matrix. Glass particles are not prominent. D) RBC treated with RD-LLLT shows no matrix loss, with particle-reinforced

composite visible.
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Table 1: Contactangle measurements in degrees on LDC and RBC conditioned according to different conditioning regimes.

Conditioning regime Mean + SD p-value %
Group 1A: HFA+ LDC 8.77 £0.282
Group 1B: HFA+RBC 20.43 +£0.10b
Group 2A: Er: YAG laser + LDC 8.99 +0.262 <0.05
Group 2B: Er: YAG laser + RBC 9.12 £0.302
Group 3A: LLLT (RD)+ LDC 37.21 £0.32¢
Group 3B: LLLT (RD)+RBC 38.39 £ 0.36¢

% ANOVA

Hydrofluoric acid (HFA), Erbium-doped yttrium aluminum garnet (Ev: YAG) laser, Low-level laser therapy, Radachlorin
Different superscript lower-case letters denote statistically significant differences within the same column (p<0.05)

(3) SBS assessment

The mean SBS of LDC and RBC bonded to resin cements
after using different surface conditioners are presented in
Table 2. Thelowest SBS was identified in Group 3B (LLLT
(RD) + RBC) (8.11 £ 0.87 MPa). Whereas the highest
bond integrity was displayed by Group 1A (HFA + LDC)
(12.98 +1.23 MPa) samples. Comparison among different
investigated groups revealed that Group 1A, Group2A
(Er: YAG laser + LDC) (12.87 £1.05 MPa), and Group 2B
(Er: YAG laser + RBC) (12.59 + 0.93MPa) demon-
strated comparable SBS outcomes. (p > 0.05) Likewise,
Group3A (LLLT (RD) + LDC) (8.23 £ 0.76 MPa) and
Group 3B also revealed no significant difference in their
bond scores (p > 0.05). On the contrary, Group 1B
(HFA + RBC) (9.65 + 0.98) displayed significantly
different bond integrity of resin cement from other tested
groups (p < 0.05).

(4) Fracture pattern analysis

Fracture patterns after debonding are shown in Fig. 2.
It was observed that LDC and RBC discs precondi-
tioned with the Er: YAG laser and LDC discs condi-

tioned with HFA demonstrated predominantly cohesive
fracture. Whereas RBC treated with HFA presented

admixed failure. LLLT-conditioned RBC and LDC discs,
on the other hand, exhibited mostly adhesive failures.
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Fig. 2: Fracture distribution among the different tested groups.

Table 2: SBS of LDC and RBC bonded to resin cements after conditioning according to different protocols.

Conditioning regime Mean + SD p- value%
MPa
Group 1A: HFA+ LDC 12.98 £ 1.232
Group 1B: HFA+RBC 9.65 + 0.98b
Group 2A: Er: YAG laser + LDC 12.87 £1.052 <0.05
Group 2B: Er: YAG laser + RBC 12.59 £ 0.932
Group 3A: LLLT (RD)+ LDC 8.23 £0.76¢
Group 3A: LLLT (RD)+ RBC 8.11 £ 0.87¢

% ANOVA

Hydrofluoric acid (HFA), Erbium-doped yttrium aluminum garnet (Er: YAG) laser, Low-level laser therapy, Radachlorin
Different superscript lower-case letters denote statistically significant differences within the same column (p<0.05)
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IV. Discussion

The current inquiry was founded on the assumption that
there will not be a notable difference in the CA and SBS
of RD-LLLT- and Er: YAG-laser-pretreated LDC and
RBC discs in comparison to the HFA. Additionally, it
was also expected that there would be no major disparity
in the CA and bond integrity of resin cement to LDC
and RBC across the same conditioning groups. Based on
the findings, it can be stated that Er: YAG-laser-treated
discs presented comparable scores of CA and SBS to those
of HFA in LDC discs. However, it resulted in signifi-
cantly lower CA and higher SBS than in the RBC group
when compared to HFA. RD-LLLT-conditioned LDC
and RBC samples presented significantly higher CA and
lower SBS than HFA and Er: YAG laser groups, thus
partially rejecting the primary null hypothesis. Whereas
the second predicted assumption was partially rejected,
as only HFA-treated LDC and RBC discs displayed
significantly different CA and SBS. In the present study,
the authors opted to evaluate the SBS test due to its
established reputation as the most straightforward and
expedient assessment that facilitates uniform stress distri-
bution throughout the loading process, thereby yielding
more reliable outcomes 6,26,

The measurement of the CA is essential for compre-
hending the extent to which a liquid will effectively wet
a ceramic surface subsequent to conditioning. Surface
conditioners modify the surface energy and roughness
of the ceramic material, thereby affecting its wettability
and ultimately influencing the adhesion of resin cement 27.
Based on the findings, it was observed that the pre-
treatment of LDC and RBC discs with HFA resulted in
significantly different CA and SBS. A past study unveiled
that the utilization 0f 9.5 % HFA for one minute on hybrid
ceramics yielded superior bond integrity in comparison
with alternative treatment modalities 28. Furthermore,
Mandil and colleagues reported that there is no signif-
icant difference in the SBS outcomes when LDC and
RBC are conditioned with HFA 29, However, based on
the results, authors of the existing study stated that since
HFA selectively dissolves the glassy matrix in LDC, which
results in the creation of a rough surface, hence ultimately
increasing the bond strength of resin cement through
micromechanical retention 30. RBC, on the other hand,
contains a higher proportion of resin matrix, which may
not respond as effectively to HFA etching and therefore
results in significantly higher CA and lower SBS than
LDC discs 31. Nevertheless, additional investigations are
essential to validate the discoveries of the present exami-
nation.

Likewise, Er: YAG-laser-pretreated discs presented
comparable scores of Ca and SBS in the LDC and RBC
group. However, there is a scarcity of comparative studies
that have identified the role of Er: YAG laser on LDC
and RBC. According to the available evidence, an in vitro
analysis by Dilber er al. reported that Er: YAG laser
irradiation results in greater surface roughness compared
to HFA etching on LDC32. Similarly, Ozdemir and
coworkers concurred that Er: YAG laser irradiation on
LDC enhances the SBS values and could serve as an
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alternative to HFA 32, Similarly, a lab-based analysis by
Celiksoz and coauthors discovered that Er: YAG lasers
have been considered as an alternative to other surface pre-
treatments for composite repair of RBC 33. The findings
of the present analysis can be explained by the fact
that Er: YAG lasers have the potential to enhance the
adhesion of resin cements by augmenting the surface
roughness of ceramics via a photothermal mechanism that
induces material removal and induces surface irregular-
ities 3435, This mechanism encompasses the conversion of
the laser’s energy into thermal energy, which may result
in ablation (vaporization) or the melting of the ceramic
substrate, thereby producing a more textured surface
profile 36. Nevertheless, the effectiveness of this process
is contingent upon the optimal parameters (e.g. power,
pulse duration, frequency) as well as the particular type of
ceramic material used 37-39,

Regarding RD-LLLT, it was observed that in both
groups there were higher CA and lower SBS. These
outcomes were comparable to each other yet signifi-
cantly lower than those of the other tested groups. This
is in agreement with the outcomes of a lab-based inves-
tigation conducted by Alshahrani and associates. They
reported that RD-mediated photodynamic therapy, when
used to condition glass fiber post, does not increase the
surface roughness and bond strength as there was no fiber
exposure and the resin matrix extended over the entire
length of the post 40.

Regarding the fracture pattern, it was observed that
LDC and RBC discs preconditioned with Er: YAG laser
and LDC-treated discs conditioned with HFA predom-
inantly demonstrated cohesive fractures. Whereas RBC-
treated samples with HFA presented admixed failure.
LLLT-conditioned RBC and LDC discs exhibited mostly
adhesive failures. The failure modes justify the bond
integrity outcomes. Studies have demonstrated that
cohesive failure predominantly arises from the failure
of interactions among adhesive molecules as opposed
to occurring at the adhesive-substrate interface 41,42,
However, adhesive failures are mostly due to the inherent
characteristics of the adhesive substance and extrinsic
factors such as the oral milieu, which substantially affect
the efficacy of adhesive performance.

The ongoing study uncovered various intrinsic limita-
tions. Initially, this research was conducted in a controlled
laboratory environment, and any findings from the
results must be discerned carefully when applied clini-
cally. Moreover, the lack of surface characterization
methods such as Raman spectroscopy and X-ray photo-
electron spectroscopy could impede a deeper under-
standing. Furthermore, the present analysis used only one
type of resin cement and only one concentration of surface
conditioners, which may make the findings applicable
solely to that brand and concentrations used.

V. Conclusions

The Er: YAG laser can be considered as a suitable alter-
native to hydrofluoric acid in enhancing the contact angle
and bond integrity of adhesive cement. LDC and RBC
exhibited comparable contact angle and bond strength
outcomes except in the hydrofluoric acid groups.
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